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@ Intermediate gearing between a machine for fluids and an electric machine. 

@ An expander turbine coupled to auxialiary equipment, 
e.g. electrical generator, utilizing a single bearing to support 
the expander turbine wheel shaft and two bearings to support 
the generator rotor. The turbine wheel shaft is coupled to the 
generator rotor by means of planetary gearing which also 
maintains the position and alignment of the turbine wheel 
shaft resulting in a compact, simplified coupling providing 
greater net power recovery from the turbine wheel shaft and 
greater operating reliability. The apparatus can also be used 
between an electric motor and a fluid compressor or pump. 
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TITLE MODIFIED 
see front gagct 

212-P-02487EP 

INTER?1EDIATE GEARING FOR GENERATOR LOADED EXPANDER 

TECHNICAL FIELD 

This invention relates to turbines for. cooling a 
gas by expansion wherein as the gas e;q)ands a turbine 
wheel is rotated producing work on a shaft which work 
can be utilized to drive an auxiliary piece of equipment, 
such as a motor or a generator • In a conventional air 
plant wherein gaseous products such as oxygen and 
nitrogen are produced by liquefaction and fractionating 
of the liquefied air, expansion turbines are used to 
cool the incoming air- Work produced on the turbine 
shaft is utilized to drive auxiliary generators to 
provide part of the electrical requirements for the 
plant. 

BACKGROUND OF PRIOR ART 

The most common method of coupling a turbine wheel 
shaft to an auxiliary piece of equipment such as an 
electrical generator is by means of long quill shafts 
and the like. 

It is known to use a single shaft on which is 
moxmted a turbine generator and a governor for a locomo- 
tive engine. This apparatus would be unsuited for an 
expansion engine operating at cryogenic temperatures. 

Fluid driven generators using an expander wheel 
coupled to the generator through various types of 
intermediate gearing are' also known. 
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Turbine driven generators haye bfeeii used in a gas 
producing plant where the turbine is coupled to the 
electrical generator through a stageless gear arrangement. 

An engine starter and generator combination wherein 
the main turbine engine is coupled to the generator by 
means of planetary gearing and a self-propelled rail 
car with a turbine driven motor generator employing 
planetary gearing for speed control have been disclosed 
in the art. 

BRIEF SUMMARY OF THE INVEINTION 

In order to provide a simplified, compact coupling 
to utilize work produced by a shaft coupled to an 
expander turbine rotated during the expansion of ^ gas, 
it has been discoviered that the shaft adjacent to the 
turbine wheel can be supported by a conventional bearing 
while the other end of the shaft is supported by a 
planetary gearing system which planetary gearing system 
is in turn coupled to a driven shaft of an auxiliary 
piece of equipment such as an electrical generator. 

The planetary gearing provides for elimination of 
a bearing on the one end of the turbine wheel shaft 
while permitting reduced space for coupling the turbine 
wheel shaft to the generator shaft. Thus, the equipment 
is simplified, bearing losses are reduced and most 
importantly, critical alignment of shafts rotating at 
high speeds is eliminated all with a greater net power 
recovery on the driven shaft. 

BRIEF DEiSCRIPTION OF DRAWINGS 

Figure 1 is a top plan view, partially in section 
of an apparatus according to the present invention. 

Figure 2 is a front elevational view of an alternate 
embodiment of the coupling apparatus according to the 
present invention. 
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Figure 3 is a schematic representation of the 
planetary gear arrangement of Figure 2. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring to Figure 1, an expansion turbine 10 is 
coupled to an electrical generator 12 by means of an 
intermediate gear case 14. The expansion turbine 10 is 
of the conventional type including a turbine wheel 20 
mounted on a shaft 22, shaft 22 supported by conventional 
high speed bearing 24 as is well known in the art. 
Turbine wheel 20 rotates by an exchange of momentum 
caused by gas flowing over a series of vanes 26 on 
turbine wheel 20. Lower pressure gas flows outwardly 
of the expander body 28 through diffuser or discharge 
conduit 30. Expander turbine 10 includes conventional 
labyrinth seals 32 as are well known in the art. 

The free end 34 of shaft 22 contains a sun gear 
36 mounted for rotation with shaft 22. Sun gear 36 
meshes with planetary gears 38, 40 there being at least 
three planetary gears in the planetary gear system. 
Planetary gears 38,40 in tura mesh with a ring gear 42 
which is fixed to the housing 44 of gear case 14. 
Planetary gears 38 and 40 are supported by carrier 46 
which is in turn, fixed to shaft 48 of generator 12. 
Shaft 48 is supported by a first bearing assembly 50 
and a second bearing assembly 52 so that the generator 
shaft 48 can be rotated and electrical energy produced 
by generator 12 as is well known in the art. 

As is shown in Figure 1, the housing of expander 
10, the housing 44 of gear case 14 and the housing of 
generator 12 are precision aligned by rabbit fits and 
are bolted together (not shown) so as to form one 
integral unit. An assembly of this type eliminates the 
need for couplings and high speed quill shafts that are 
necessary in conventional apparatus. 

With an apparatus according to Figure 1, the ring 
gear 42 is fixed to the housing and the planet gears 38 
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4. 

and 40, along with a third planet gear (not shown), are 
free to rotate about two axes defined as the axis of 
each planet gear and the axis of shaft 22. i^s the 
planets rotate the speed of shaft 22 is; changed to an 
5 acceptable speed for loading generator shaft 48. As is 
shown in Figure 1, only one journal bearing 24 is 
required for expander shaft 22. The projecting end 34 
of expander shaft 22 is kept in alignment by the planetary 
gear system described. 
10 The decision to fix the ring gear and rotate the 

planet gears or vice versa is determined by the speed 
ratios desired and other engineering considerations, 
there being many variations for given applications. 

In the apparatus of Figure 2 and 3, gear case 60 
15 is affixed to expander 62 so that the end 64 of turbine 
wheel shaft 66 containing the turbine wheel (not shown) 
is mounted in bearing assembly 68 as described above. 
The end 70 of shaft 66 opposite to the turbine wheel 
projects into the housing 72 of gear case 60 and has 
20 mounted thereon sun gear 74. As shown in Figure 3, sun 
gear 74 is mounted for meshing with planetary gears 76, 
78 and 80 which in turn mesh with ring gear 90. In the 
embodiment of Figures 2 and 3, planetary gears 76, 78 
and 80 are mounted for rotation about their own axis 
25 and ring gear 90 is mounted for rotation about an axis 
defined by the longitudinal axis of shaft 66. Planet 
gears 76, 78 and 80 are in turn mounted on a planet 
carrier 92 which in turn is mounted on a generator 
shaft 94 for transmitting rotation from shaft 66 to 

30 shaft 94. 

The apparatus of Figure 2 includes the necessary 
oil passages 96 and return 98 for circulating lubricating 
oil to the shafts and gears . 

In the apparatus of Figure 2 there is optionally 
35 provided a snubber bearing 100 with large clearances 
which is included as a safety device to limit the 
excursion of the shaft under no-load conditions. 
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However, with an apparatus such as disclosed in Figure 
2 it is highly unlikely to be operated under no-load 
conditions. 

From the foregoing it is apparent that to couple 
the shaft of an expansion turbine to an auxiliary piece 
of equipment such as an electrical generator requires a 
total of three bearings. The sun gear acts as a bearing 
when mounted for rotation in the planetary gear setting. 
It is well known that a conventional train for coupling 
an expansion turbine to an electrical generator requires 
at least six bearings. With increasing numbers of 
bearings there is an increased amount of energy loss 
and thus, there is less net power recovery. 

As set out above, an apparatus according to the 
present invention, simplifies the equipment required, 
reduces the bearing losses, thus providing greater net 
power recovery, eliminates the critical alignment of 
high speed shafts and provides greater reliability 
since couplings and high speed quill shafts are elim- 
inated and lastly, reduces the space requirements. In 
addition, reliability is enhanced because of built-in 
permanent alignment and fewer parts to wear or fail. 

An apparatus, according to the invention, can have 
various gear ratios between the expander and the auxil- 
iary equipment thus optimizing expander efficiency 
while conforming to conventional generator speeds. 
Compound gear arrangements can be used to achieve the 
desired ratios as can staged planetary gear arreingements 
as is known in the art. It is also within the scope of 
the invention to use flexible coupling between the 
planetary output and the auxiliary equipment. An 
apparatus, according to the invention, can also be used 
between an electric motor cOid a fluid compressor or 
pump. 

Having thus described my invention, what is desired 
to be secured by Letters Patent of the United States is 
set out in the appended claims. 
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I claim: 

1. In a turbine for cooling a gas by expansion 
of the type comprising a casing, a turbine wheel in 
said casing, a shaft with one end connected with said 
turbine wheel aiid the other end adapted for connection 

5 to drive auxiliary equipment, e.g- electrical generator, 
the improvement characterized by: 

means for coupling said shaft to said generator, 
said means including, a sun gear affixed to the end of 
said shaft opposite said turbine wheel, sai^ sun gear 
10 mounted for meshing with a plurality of planetary gears 
which in turn mesh with a ring gear said means adapted 
in conjunction with a single bearing supporting said 
shaft to maintain precision alignment of isaid shaft 
during rotation. 

2. An apparatus according to Claim i wherein 
there are at least three planetary gears. 

3. An apparatus according to Claim 1 wherein 
said planetary gears are fixed to rotate, about a fixed 
axis and said ring gear rotates for coupling tp and 
driving said auxiliary equipment. 

4/ An apparatus according to Claim 1 wherein 
said ring gear is fixed to a gear housing between said 
auxiliary piece of equipment and said turbine and said 
planetary gears are mounted for rotation. with said 
5 shaft to drive said auxiliary equipment; 

5. An apparatus according to. Claim 1 wherein 
said means for coupling said shaft to said generator 
includes a flexible coupling between the. output of said 
planetary gears and said generator. . : 
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6. In an electrical generator driven by an 
expansion turbine used to cool a gas by expansion of 
the type wherein the generator shaft is coupled to the 
expansion turbine shaft the improvement comprising: 

a sun gear affixed to an end of a shaft 
having as its other end a turbine wheel, said sun gear 
mounted for meshing with a plurality of planetary gears 
which in turn mesh with a ring gear; 

means to couple either said planetary gears 
or said ring gear to the generator shaft whereby both 
ends of said generator shaft and one end of the turbine 
wheel shaft need be supported by bearings, said turbine 
shaft kept in alignment by said sun gear, said planetary 
gears and said ring gear. 

7. An apparatus according to Claim 6 wherein 
there are at least three planetary gears* 

8. An apparatus according to Claim 6 wherein 
said coupling means includes planetary gears fixed to 
rotate about a fixed axis and said ring gear is coupled 
to said generator shaft • 

9. An apparatus according to Claim 6 wherein 
said ring gear is fixed to a gear housing between said 
expander and said generator and said planetary gears 
are mounted for rotation with said expander shaft and 
coupled to said generator shaft. 

10 • An apparatus according to Claim 6 wherein 
said means to couple said planetary gears or said ring 
gear to said generator shaft includes a flexible coupling 
between said planetary gears or said ring gear and said 
generator shaft. 
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